Flt3 Ligand (FL) and IL-6 are multifunctional cytokines implicated in normal hematopoiesis and ex vivo expansion of hematopoietic stem cells. Retroviral vectors are useful for stable expression of genes in many cells. Here, we aimed to produce retroviral vectors directing expression of human FL and IL-6 genes. Recombinant retroviral vectors containing human genes for FL and IL-6 were constructed using a retroviral vector pLXSN. Recombinant retroviruses were produced from GP2-293 cells with the aid of pseudo-envelope protein gene VSV-G, and efficiently transduced to a mouse stromal cell line OP9. Genetically modified OP9 cells clearly showed expression of human FL or IL-6 gene at the mRNA level determined by RT-PCR. Based on the results from ELISA, human FL and IL-6 were detected in the cell culture medium of OP9/FL and OP9/IL-6 cells, respectively. As the recombinant human FL and IL-6 proteins are successfully produced and secreted to the culture medium, this system can be useful in future application such as ex vivo expansion of hematopoietic stem cells and differentiation of embryonic stem cells.
INTRODUCTION
Blood cell production is maintained by a balance between self renewal, proliferation, apoptosis, and differentiation of hematopoietic stem/progenitor cells (HSCs), processes regulated in part by cytokine-cell interactions. Hematopoietically relevant cytokines have been identified and their implications were widely studied (5, 6) . Cytokines such as stem cell factor (SCF), thrombopoietin (TPO), Flt3 ligand (FL), BMP4, and IL-6 were implicated in self renewal of HSCs in human and mouse (3, 19, 22, 27, 33) .
FL is a potent cytokine that acts synergistically with a wide range of colony stimulating factors (CSFs) and interleukins to stimulate proliferation and differentiation of hematopoietic stem and progenitor cells (15) . It also enhances survival of progenitor cells (30) . FL binds to cells expressing the Fms-related tyrosine kinase receptor Flt3. Multiple isoforms of FL have been identified (12) . The predominant biologically active form is anchored to the cell surface as an extracellular domain of transmembrane protein consisting 209 amino acid residues, and the soluble active form comprising 155 amino acid residues is generated by proteolytic cleavage of the extracellular domain. FL proteins are conserved in human and mouse with 72% identity in amino acid sequences, and they have cross-reactivity.
Interleukin-6 (IL-6) is a multifunctional protein that plays important roles in host defense, acute phase reactions, immune responses, and hematopoiesis (21) . IL-6 is expressed by a variety of normal and transformed cells including T cells, B cells, monocytes/macrophages, fibroblasts, hepatocytes, keratinocytes, astrocytes, vascular endothelial cells, and various tumor cells (2, 13, 18) . The production of IL-6 is up-regulated by numerous signals including mitogenic or antigenic stimulation, LPS, calcium ionophore, IL-1, IL-2, IFN, TNF, PDGF, and viruses (7) . In comparison with mouse IL-6, human IL-6 exhibits approximately 65% and 42% sequence identity at the nucleotide and the amino acid levels, respectively. Although human and mouse IL-6 are equally active on mouse cells, mouse IL-6 is not active on human cells (11) .
Replication incompetent retroviruses derived from murine leukemic virus (MLV) and other retroviruses are popular vectors for gene transfer in many cells including HSCs (8) . Gene transfer using adenoviral or adeno-associated viral vector system is also efficient, but the expression of the introduced gene is transient as the recombinant viral genome does not integrate at all or integrate with very low efficiency into the chromosome. Retroviruses stably integrate their genome into actively dividing cells and efficiently express foreign gene products (20) .
Here, we produced recombinant retroviral vectors containing human FL or IL-6 genes and established OP9 mouse stromal cells expressing human FL or IL-6. Recombinant retroviruses and genetically modified OP9 cells will be useful in future studies.
MATERIALS AND METHODS

Construction of recombinant retrovirus for expression of cytokines
In order to construct recombinant retroviral vectors for expression of human FL and IL-6 genes, pLXSN was used as a retroviral expression vector. cDNAs encoding full length open reading frame for these cytokines were obtained by PCR using Marathon-Ready cDNA from human bone marrow (Clontech, Palo Alto, CA, USA) as a template. 0.1 ng of cDNA was subjected to the standard PCR reaction using Ex Taq polymerase (Takara, Shiga Japan) for 35 cycles of denaturation for 60 sec at 95℃, annealing for 60 sec at 59℃, and elongation for 60 sec at 72℃. The primer sequences used are as follows: for FL (708 bp), 5'-ATGAC-AGTGCTGGCGCCAGCCTGGA-3' and 5'-TCAGTGC-TCCACAAGCAGCAGGTCC-3'; for IL-6 (639 bp), 5'-ATGAACTCCTTCTCCACAAGCGCCT-3' and 5'-CTAC-ATTTGCCGAAGAGCCCTCAGG-3'. RT-PCR products were cloned by TA cloning, and confirmed by DNA sequencing and BLAST search. cDNA fragments were digested with Eco RI and Bam HI followed by purification and ligation into pLXSN (Clontech) predigested with the same enzyme set. Ligation mixture was transformed into E. coli strain DH5α, and transformants were selected and confirmed by plasmid preparation and restriction analysis. (Clontech). After 12 hr incubation, the medium was exchanged with fresh culture medium and cultured for another 48 hrs. Cells were split and selected in a medium containing 1 mg/ml of G418. Expression of cytokine genes was verified by RT-PCR using mRNAs from the G418-resistant cells.
3) Harvest of the recombinant retroviruses G418-resistant GP2-293 cells (3×10 5 cells) were placed in a 10 cm cell culture dish and cultured for 24 hrs. Cells were transfected with pVSV-G plasmid (Clontech) encoding pseudo-envelope protein gene using calcium-phosphate precipitation method. Twelve hrs later, the medium was exchanged with fresh culture medium supplemented with 10 mM sodium butyrate. After 48 hrs, the supernatant of the culture medium was taken and filtrated through a filter with a 0.45 µm pore size. The retrovirus supernatants were concentrated using Centricon (PL-10, Bedford, MA, USA) and stored at -80℃.
4) Titration of the retroviruses
Titers of the retroviruses were measured by colony formation frequency after infection into a mouse embryonic fibroblast cell line NIH3T3. NIH3T3 cells were obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA) and maintained in DMEM containing 10% FBS. A day before experiment, NIH3T3 cells were placed in a 6 well plate. One milliliter of viral supernatants serially diluted in the range of 10 2~1 0 6 fold was applied to each well and 8 µg/ml of polybrene was added. Twenty four hrs later, G418 was added at the concentration of 1 mg/ml and incubated for 2 weeks. When the G418-resistant colonies were visible, the medium was removed and the colony numbers were counted after methylene blue staining.
5) Transduction of retroviruses into OP9 cells
Biological activity of the recombinant retroviruses was verified by infection of these viruses into a mouse stromal cell line OP9. OP9 cells were placed in a 10 cm cell culture dish a day before transduction. Fifty MOI of viral supernatant was applied with 8 µg/ml of polybrene. Twenty four hrs later, G418 was added at the concentration of 1 mg/ml and G418-resistant OP9 cells were selected.
RT-PCR
Total RNA was isolated using TRI REAGENT ® according to the instructions provided by the manufacturer (MRC, Cincinnati, OH, USA). Five microgram of mRNA was reverse-transcribed in the first-strand buffer containing 6 µg/ ml oligo(dT) primer, 50 U StrataScript TM reverse transcriptase (Stratagene, La Jolla, CA, USA), 2 mM dNTP, and 40 U RNase block ribonuclease inhibitor. One microliter of the cDNA synthesis was subjected to the standard PCR reaction for 35 cycles of denaturation for 60 sec at 95℃, annealing for 60 sec at 55℃ and elongation for 60 sec at 72℃.
Protein assay by ELISA
To verify the expression and secretion of recombinant cytokines, protein amount in the cell culture medium was measured by sandwich ELISA method. ELISA experiments were performed by Bank for Cytokine Research at Chonbuk National University (Jeonju, Korea) using Quantikine system (R&D Systems, Minneapolis, MN, USA) according to the manufacturer's recommendation. In brief, a series of 2-fold diluted cytokine solutions were used as a standard. Optical density was measured at 430 nm. Potting standard curves and quantifying cytokine concentration was done by using Sigma Plot.
RESULTS
Construction of retroviral vectors encoding human FL or IL-6 genes
pLXSN is a retroviral vector and has multicloning sites in which the downstream genes can be cloned and regulated under the control of LTR (long terminal repeat) promoter. A selection marker Neo gene can be expressed by constitutive promoter SV40. cDNA clones encoding full length open reading frame of human FL (708 bp) and IL-6 (639 bp) cDNA were isolated from human bone marrow, and subcloned into pLXSN to produce pLXSN-FL and pLXSN-IL6, respectively. The maps of the retroviral vectors used in this study are presented in Fig. 1 . Recombinant retroviral vectors were verified by restriction analysis and PCR with the primers used for cDNA cloning. 
Isolation of stable cell pools harboring retroviral vector sequences integrated in the chromosome
In order to produce replication-incompetent retroviruses, we used a packaging cell line GP2-293. GP2-293 cells have chromosome-integrated gag and pol genes which are essential for retrovirus replication and production of viral particles. GP2-293 cells were transfected with pLXSN, pLXSN-FL, or pLXSN-IL6. Tansfection efficiency was about 70 to 80%, which was determined by control experiment using a retroviral vector encoding GFP. As the retroviral vectors have Neo gene, we first selected GP2-293 transfectant cells resistant to G-418 and named as GP2-293/control, GP2-293/FL, and GP2-293/IL-6, respectively. Expression of the cloned genes was verified by RT-PCR (Fig. 2) . Although GP2-293/contol cells show basal expression of human FL and IL-6, GP2-293/FL and GP2-293/IL-6 cells do express the genes at higher levels compared with GP2-293/control cells. As GP2-293 cells were originated from human embryonic kidney cells, the result is consistent with the information from GeneCards website on the FL and Il-6 gene expression in human tissues analyzed by UniGene electronic Northern (http://www.genecards.org): expression of FL and IL-6 was commonly seen in lung, thymus, pancreas, and kidney.
Production of retroviruses
GP2-293/control, GP2-293/FL and GP2-293/IL-6 cells were again transfected with pVSV-G vector encoding G glycoprotein of the vesicular somatitis virus. VSV-G is used in peudotyping of Moloney Murine Leukemia Virus (MMLV)-based retroviral vectors by mediating viral entry. VSV-G interacts with phospholipid of the target cell membrane and fosters fusion of viral and cellular membranes. Culture supernatants including the recombinant retroviruses were harvested and titrated using mouse fibroblast cell line NIH/3T3 cells as an infection host (Fig. 3) . The titers of retrovirus/control, retrovirus/FL and retrovirus/IL-6 were around 2~6×10 7 pfu/ml.
Infection of retroviruses to mouse stromal cell line OP9
Viral supernatants including retrovirus/control, retrovirus/ FL or retrovirus/IL-6 were allowed to infect mouse stromal cell line OP9 and G418-resistant cells were selected to get OP9/control, OP9/FL and OP9/IL6 stably expressing null, FL, and IL-6, respectively. The expression of human FL and IL-6 mRNAs was verified by RT-PCR (Fig. 4) . As expected, there was no PCR product detected in OP9/control cells.
Secretion of cytokines in the culture medium of genetically modified OP9 cells
As expression of FL and IL-6 was examined in the OP9/ FL and OP9/IL-6 cells at the mRNA level, we decided to check the protein level. When the cytokines are produced in the cells, they are secreted into the medium. Therefore, supernatants of the cell culture were harvested and protein amounts were determined by quantitative ELISA method (Fig. 5) . In the culture medium of OP9/control cells, there was no detectable amount of human FL or IL-6. In contrast, human FL and IL-6 were detected in the culture media of OP9/FL and OP9/IL-6 cells, respectively. The concentration was about 1.7 ng/ml after 1 day culture. When we examined moue FL in the culture medium of OP9/control cells as well as OP9/FL cells, it was not detected by ELISA. According to the manufacturer's manual, the minimum detectable doses of human FL, human IL-6, and mouse FL were 7 pg/ml, 0.7 pg/ml, and 5 pg/ml, respectively. 
DISCUSSION
Hematopietic stem cells producing all kinds of blood cells are widely used in transplantation in leukemic disease or after cancer therapy. Recently, the finding of plasticity of adult stem cells has also increased the interest in HSCs as a potential therapy for a wide range of nonhematological disorders. Traditionally, bone marrow was the main source of HSCs. However, the advantage of HSC from cord blood (CB) has been widely known. CB has higher frequency of HSCs, and has lower immunological barrier due to the naïveté of the immature T cell population compared to bone marrow or mobilized peripheral blood. However, the small quantity of CB is a main limiting factor in the usage of CB, which decreases the success rate of transplantation and restricts transplantation to the treatment of small children (4) . As CB is a readily available source of HSCs and there are a number of CB banks worldwide, ex vivo expansion without loss of stem cell properties is an important issue in application of CB HSCs.
For expansion of HSCs, they usually use cytokine cocktails including FL, TPO, IL-6, or SCF which were implicated in self renewal. Here, we focused on FL and IL-6. As human proteins of these cytokines are active in human as well as in mouse, they can be used in both systems. In this study, we constructed retroviral vectors encoding human FL or IL-6 and found these viruses are capable of infecting mouse stromal cell OP9 and directing expression and secretion of human recombinant cytokines in the cells.
Hematopoiesis involves a complex set of interactions that are dynamically and finely regulated by the environment and specifically by stromal cells (23) . Stromal cells regulate hematopoiesis by binding directly to hematopoietic stem cells (HSCs) and also by providing numerous secreted cytokines (9, 16, 17) . Therefore, co-culture system is believed to be more efficient in maintaining and expanding HSC population without loss of stem cell activity. As we established stable stromal cell lines expressing FL or IL-6, they will be very useful in future study, for example, expansion of mouse HSCs with either alone or combination.
Human embryonic stem (ES) cell lines have been derived from the inner cell mass of preimplantation embryos by culturing the cells on mouse embryonic fibroblast (MEF) cells (14, 26, 28) . In these conditions, human ES cells show remarkable proliferative capacity and stability in long-term culture (1) and have the capacity to differentiate into cell types from all three germ layers both in vitro and in vivo (26, 28) . For hematopoietic differentiation from mouse ES cells, they usually use mouse stromal cell line OP9 (10, 24, 25) . Even in the differentiation of human ES cells, they still use mouse OP9 cells (29, 31, 32) . Therefore, our cell lines can be used in this system to enhance the efficiency of differentiation especially in human ES cells. In the case of IL-6, mouse protein is not active in human. As we introduced human IL-6 in OP9 cells (OP9/IL-6), they will be more powerful in terms of IL-6 production and activity on human cells. FL proteins are conserved in human and mouse and they have cross-reactivity. When we checked the culture medium of OP9/control cells using ELISA system, mouse FL was not detected (data not shown). In contrast, human FL was clearly detected in the culture medium of OP9/FL cells. Taken together, genetically modified OP9 cells may be a better choice for co-culture system to induce hematopoietic differentiation from human ES cells. Future study will verify this notion.
